The first investigation of Neisseria meningitidis isolated from a large area covering an appreciable population in Portugal, before the voluntary vaccination period with the serogroup C conjugate vaccine, is reported. The serogroups and antimicrobial susceptibility of 116 isolates were studied. Serogroups C (50 . 0 %), B (47 . 4 %) and W135 (2 . 6 %) were found. Serogroup C was most common in the 1-15-years-old group and B in the less than 1-year-old and over 16-years-old groups (P ¼ 0 . 042). Clinical diagnosis of meningococcal disease was primarily meningitis for patients with serogroup C and meningitis associated with sepsis for those with serogroup B. Penicillin resistance was significantly associated with serogroup C (P , 0 . 001). This work reinforces the importance for public health of monitoring the serogroup and antimicrobial susceptibility of isolates from patients with invasive meningococcal disease.
INTRODUCTION
Neisseria meningitidis causes meningitis and sepsis, mostly in children (Pollard et al., 1999) . Serogrouping gives useful information about the probable course and outcome of the disease and therefore about appropriate prophylactic measures (Healy et al., 2002) . Penicillin susceptibility is decreasing worldwide (Blondeau et al., 1995; Arreaza et al., 2000) , and this has led to the use of cefotaxime and ceftriaxone as empirical antimicrobial therapies for invasive meningococcal disease (IMD) in industrialised countries (WHO, 1998) .
The Antibiotic Resistance Unit (ARU) at the National Institute of Health Dr Ricardo Jorge (NIH) ran a voluntary laboratory-based surveillance programme of invasive N. meningitidis from 1995. The programme was independent of the notification provided by a Compulsory Notifiable Diseases (CND) system (DGS, 2003) .
There is evidence that serogroup B was the most prevalent in the 1980s (Cunha & Carvalho, 1993) , and that serogroup C emerged in Portugal in the 1990s (Ferreira et al., 1999 ). Nevertheless, we believed that it was important to investigate a broad population.
METHODS
Study population and participants. The study population included: (i) patients with suspected invasive infection, meningitis and/or sepsis and (ii) laboratory-confirmed cases with blood and/or cerebrospinal fluid samples positive for N. meningitidis. A pilot study was carried out in July and August 2000 and the full study was conducted on nonrepetitive and consecutive invasive biological material between September 2000 and August 2001. Thirty-five departments in 27 Portuguese hospitals in four of the five Portuguese Regions on the mainland and the Autonomous Regions participated; 24 paediatric and five infectious diseases departments sent samples, and six hospitals did not have any cases during the study period. Fifteen bacteriology laboratories of the Programme for Monitoring Susceptibility to Antibiotics (GEMV-SA) sent strains. The Ethical Committee of NIH approved the investigation protocol.
Collection, transport and culture. Biological samples collected in hospitals were immediately used to inoculate appropriate media and incubated at 35 8C. Samples were transported to the ARU in an incubator at 35 8C accompanied by an epidemiological questionnaire. A second questionnaire was completed and sent on the 15th day after collection.
The bacteriology laboratories of GEMVSA sent strains at À20 8C in tryptone soya broth (Oxoid) supplemented with 20 % (v/v) glycerol.
Strains, identification and serological typing. GEMVSA laboratories provided 44 strains. The other 72 strains were isolated in the ARU from 611 suspected cases of meningitis or sepsis of microbiological origin. The non-N. meningitidis cases included viral, other bacterial, All 116 isolates were subcultured and identified by standard methods. Agglutination and PCR were used to determine serogroups (Taha, 2000; Ferreira et al., 2001) .
Susceptibility testing. MICs of six antibiotics were determined by an agar dilution method and the MIC of sulphadiazine was determined by E-test. One hundred and nine available isolates were tested against penicillin, and 108 were tested against ampicillin, cefotaxime, ceftriaxone, ciprofloxacin, rifampicin and sulphadiazine.
Data analysis. We performed descriptive statistical analysis (Table 1) . For the proportions of each serogroup in the sample, the respective 95 % confidence interval (CI) was calculated using the Normal approximation, except for serogroup W135, for which the Poisson approximation was used. Pearson's ÷ 2 test, with the Yates correction in the 232 tables was used to establish associations between serogroups B and C and the variables sex, age group, season and penicillin susceptibility. Serogroup W135 was not included in the analysis because the sample was too small. Similarly, the analysis of the association between quarter and serogroup did not include the trial study period because the numbers were too small. The ÷ 2 goodness-of-fit test was used to test if the distribution by age group in the sample was the same as that observed in the CND system to the year 2000 (DGS, 2003) . For all tests we established the significance level at 5 % (0 . 05). SPSS software version 11.0 was used.
RESULTS

Associations between serogroups and other variables
The N. meningitidis collection was 47 . 4 % serogroup B (55/116; 95 % CI, 36 . 3-56 . 5), 50 . 0 % serogroup C (58/116; 95 % CI, 40 . 9-59 . 1) and 2 . 6 % serogroup W135 (3/116; 95 % CI, 0 . 0-5 . 2). No significant differences were found in the frequencies of serogroups B and C according to sex (P ¼ 0 . 154), however there was a difference between serogroups B and C according to age group (P ¼ 0 . 042); serogroup B was more frequent in children aged less than 1 year and in individuals aged over 16 years, whereas serogroup C was more common in children aged between 1 and 15 years (Table 1) . N. meningitidis serogroup B (56 . 4 %) and serogroup C strains (51 . 7 %) were mostly isolated from CSF (Table 1) .
There was no association between the season and the serogroup (P ¼ 0 . 665) ( Table 1 ). There was no previous history of disease for 84 . 4 % of the 64 cases of IMD for which data were available (Table 1) . For cases of serogroup C infection the clinical diagnosis was most often meningitis and for cases of B infection it was meningitis associated with sepsis (Table 1) . Epidemiological questionnaires indicated 13 cases with complications associated with IMD, arthritis being the most frequent; the purpuric form occurred only in individuals with serogroup B meningococci (four of 13 complications, one being associated with arthritis). Among 55 questionnaires answered, only four reported sequelae (epilepsy, scabs, necrotic ulcer with haemorrhagic suffusion and one not specified), all in cases of IMD due to serogroup C. In 83 . 3 % of 62 cases from which meningococci were isolated, no antibiotic treatment was administered prior to sample collection. Ceftriaxone (87 . 1 %) was the antibiotic most widely used, followed by cefotaxime (9 . 7 %).
In the Alentejo-Region and in the Madeira-AutonomousRegion the number of isolates of serogroups B and C was the same (50 %). In the North-Region 48 . 6 % were serogroup B, 48 . 6 % C and 2 . 8 % W135, and in the Lisbon-Tagus-ValleyRegion 47 . 3 % were serogroup B, 50 % C and 2 . 7 % W135. In the sample for the study only one strain from the CentreRegion was isolated and none were isolated in the AzoresAutonomous-Region. The case fatality rate was not possible to determine, because the questionnaires did not provide sufficient information.
Antimicrobial susceptibility
Sixty-eight (62 . 4 %) of 109 strains were susceptible to penicillin and 41 (37 . 6 %) had reduced susceptibility (Table  2) . Overall, a statistically significant association between serogroups and penicillin susceptibility was found (P , 0 . 001) with a higher proportion of resistant strains in serogroup C (data not shown). Serogroup C meningococci were more frequently found than in previous Portuguese studies. The Paediatric Infectious Diseases Unit of the Dona Estefânia Hospital in Lisbon studied 139 meningococci between 1985 and 1988 of which 9 % were serogroup C, 90 % B and 1 % unclassifiable (L. Carvalho, personal observation). Between January 1999 and January 2002, 52 % of the meningococci in the same unit were serogroup B and 48 % C (Carvalho, 2002) . Between January 1995 and December 1999, the surveillance programme conducted by ARU, with strains from nine hospitals, found 47 . 3 % serogroup C and 41 . 8 % B , consistent with a study in the Oporto District (45 . 5 % B and 50 % C in 22 cases) in the year 2000 (Blanco et al., 2000) . These three studies reported values within the 95 % CI for this study. Thus, there is evidence of the emergence of serogroup C in the 1990s. This trend seems to continue, as shown between January 2001 and June 2003 by a hospital not included in our study: 84 . 2 % were serogroup C (16 of 19 strains), 10 . 5 % B (2 of 19 strains) and 5 . 3 % A (one of 19 strains) (Santos et al., 2003) .
There is no evidence of substantial bias in the sample. The differences between the distributions by age group between cases reported under the CND system in 2000 (DGS, 2003) and our study were not significant (P ¼ 0 . 2595). The percentages of serogroup B and C were not significantly different (P ¼ 0 . 319) according to the source of N. meningitidis (72 from clinical samples and 44 from the GEMVSA laboratories). Other work suggests that there were no outbreaks during the period of the study (Gomes et al., 2001) , as also indicated by the epidemiological questionnaires, and indeed the prevalence of serogroups was similar in each of the four quarters of the study. Our serogroup results were also confirmed by PCR. Invasive culture-confirmed meningococci in Portugal
The CND system reported 183 cases of meningococcal disease between January and July 2001 (DGS, 2003) including 63 serogrouped strains (39 . 7 % serogroup B and 55 . 6 % C) (Gomes et al., 2001) . Our strain population over the same period includes 76 strains (35 of serogroup B, 39 of C and 2 of W135) (data not shown), with a higher proportion of serogroup B (46 . 1 vs 39 . 7 %) and a lower proportion of serogroup C (51 . 3 vs 55 . 6 %). The values for the CND system fall within our 95 % CI. This reinforces the value of laboratory collaboration for serogroup surveillance, as well as for resistance surveillance, of IMD strains in each country, as has been shown previously (Ferreira & Caniça, 2002) .
The pattern of IMD in Portugal is similar to that elsewhere in Europe (Connolly et al., 1999; Noah & Henderson, 2001) : most cases are children under 5 years old; a seasonal peak in winter; a higher proportion of serogroup C in the under 16-year-old group (groups attending nursery schools and schools). Of the 64 cases of IMD for which questionnaires were available, 10 . 9 % had previously suffered viral infection. Respiratory virus infections have been suggested as risk factors for subsequent development of meningococcal infection, possibly due to virus-induced immune suppression (Cartwright et al. 1991) . Sequelae were only associated with serogroup C cases. Similarly, Healy et al. (2002) reported more multiple sequelae in patients with IMD due to N. meningitidis serogroup C than B.
Reduced susceptibility to penicillin in our strains was presumably due to the expression of PBP2 variants with low affinity for penicillin. Many of the serogroup C strains (82 . 9 %) had reduced susceptibility to penicillin, consistent with the 70 . 4 % in a previous study (Ferreira & Caniça, 2002) and high levels in other countries (Blondeau et al., 1995; Arreaza et al., 2000) . More isolates had reduced susceptibility to ampicillin (60 . 2 %) than to penicillin, as previously shown (Arreaza et al., 2000; Ferreira & Caniça, 2002) .
Resistance to sulphadiazine (56 . 5 %) was widespread and mostly associated with strains of serogroup C (57 . 4 %). This resistance has been considered a virulence marker (Holten et al., 1984) . Rifampicin, the drug still used in Portugal for chemoprophylaxis, was active against 98 % of the isolates. However, two strains exhibiting intermediate resistance (MIC values of 2 mg l À1 ) demonstrate that it is important to monitor susceptibility to this antibiotic. We know of no meningococcal isolate, including ours, with reduced susceptibility to cefotaxime or ceftriaxone.
The results of this study emphasize the importance of monitoring antimicrobial susceptibility and serogroup in IMD, because of changes in susceptibility of bacterial populations mainly to penicillin, the possibility of antigenic variation in N. meningitidis due to capsular switching and the eventual spread of new clones from other countries. Surveillance of serogroups plays a major role in evaluating vaccination strategies and then helping policy-making, but should be complemented with cost-benefit studies. Our work places the current trends in Portugal in a European context. 
